1. Introduction {#s0005}
===============

During the coronavirus disease 2019 (COVID-19) pandemic, an overwhelming majority of those requiring ICU level of care had acute hypoxemic respiratory failure requiring mechanical ventilation for acute respiratory distress syndrome (ARDS) \[[@bb0005]\]. ARDS is common. In one large observational study, 23.4% of patients requiring mechanical ventilation for acute respiratory failure met criteria for ARDS. Mortality from ARDS depends on severity, and ranges from 35 to 46% \[[@bb0010]\]. Prone positioning, when used in conjunction with low tidal volume ventilation, has been shown to significantly reduce mortality in moderate-to-severe ARDS \[[@bb0015], [@bb0020], [@bb0025]\]. Despite the evidence, the use of prone positioning in moderate-to-severe ARDS remains low \[[@bb0010],[@bb0030]\]. Barriers to implementation of prone positioning include lack of provider recognition of ARDS, uncertainty of evidence, and resource utilization \[[@bb0010],[@bb0015]\].

Our medical intensive care unit (MICU) instituted a prone positioning program in 2014 for the management of moderate-to-severe ARDS. The MICU Prone Program was a nursing-led initiative that trained MICU nurses in safe manual placement of patients with ARDS in the prone position. Indications for proning were based on prior evidence \[[@bb0020]\], including patients with moderate-to-severe ARDS with a ratio of partial pressure of arterial oxygen to fraction of inspired oxygen (PaO~2~:FiO~2~) of \<150 despite standard-of-care management with low-volume, low-pressure ventilation and adequate ventilator synchrony. Between 2014 and 2019, our MICU successfully proned seventy-nine patients, with increasing experience over time.

New York City was an epicenter of the coronavirus disease 2019 (COVID-19) pandemic. In the face of this pandemic, our hospital increased our ICU capacity by over 250% in the setting of a surge of critically ill COVID-19 patients with acute respiratory failure. ICUs were created throughout the hospital in non-traditional areas including operating rooms, medical-surgical floors, post-procedural observation units and in the emergency department. Additionally, other subspecialty ICUs, including neurologic, pediatric, post-surgical and cardiac were repurposed to treat primarily adult patients with COVID-19-associated acute respiratory failure and ARDS requiring mechanical ventilation. Many of these patients met criteria for moderate-to-severe ARDS, but ICU staff outside of the MICU were not familiar with prone positioning. In an effort to increase our ability to meet this demand, we rapidly developed and trained a mobile prone team, capable of servicing ICUs throughout the hospital. Here we describe the series of patients with moderate-to-severe ARDS treated during the COVID-19 pandemic with prone positioning.

2. Methods {#s0010}
==========

2.1. Prone team development {#s0015}
---------------------------

The COVID-19 Prone Team at NewYork-Presbyterian -- Columbia University Irving Medical Center was developed as a dedicated mobile team comprised of a MICU clinical nurse specialist (CNS), occupational therapists (OTs), and physical therapists (PTs), who were redeployed to this role from their usual clinical jobs. Twelve OTs and twelve PTs were trained to be part of the team during the height of the pandemic. They all had cardiopulmonary rehabilitation experience, and most have worked with ICU patients as part of our early mobilization program. In addition to knowledge of body mechanics and positioning critically ill patients, they had experience in securing airways, lines, drains, and monitoring devices in an ICU setting.

These therapists underwent prone positioning training, developed by the MICU CNS, based on education materials that had been previously developed for the MICU Prone Program.

The MICU CNS led the development of the MICU Prone Program and had developed its protocol and nursing policy. In addition, the MICU CNS was certified in wound, continence and ostomy (CWOCN) with experience in pressure injury prevention and treatment. Training included education in basic principles of ARDS management and indications for prone positioning. It involved review of an instructional video \[[@bb0020]\], repetitive demonstration of equipment usage and positioning techniques, communication exercises to enhance overall teamwork during positioning, and proper donning and doffing of personal protective equipment (PPE).

To simulate a typical patient, a manikin equipped with an endotracheal tube, central venous catheter, arterial line, chest tube, foley catheter, cardiac monitor leads and a pulse oximeter lead was used for practice of positioning technique. The team performed multiple iterations of placement in prone and supine positions (Supplemental Image S1), including emergent positioning. Roles for team members included: team leader, airway manager (AM), turn team, line manager, recorder and vital signs monitor. Outside of the simulation environment, the role of AM was filled by a member of the ICU treating team or respiratory therapy. Training emphasized safety checks during positions to avoid loss of the airway, chest tubes, the central venous line or the arterial line. To avoid staff injury the training emphasized the importance of team members moving in sync.

Patients were manually positioned with the Tortoise Turning and Positioning System Prone (Mölnlycke Health Care, Gothenburg, Sweden) consisting of two low-pressure air-filled pads and two fluidized positioners to support and offload the patient. When this system was not available sheets were used to aid in the procedure. Due to the rapidly growing need for prone positioning beyond the MICUs, this training was completed in only two days prior to team launch.

The COVID-19 Prone Team covered 14 separate ICUs, a combined total of 240 COVID ICU beds. Their day-to-day availability increased based on demand, up to 7 days a week, from 7 am to 7 pm at the peak, for 22 days. If a patient needed to be emergently repositioned outside of the COVID-19 Prone Team hours, they were repositioned by MICU nurses. In the event of cardiac arrest, if a patient could not be safely placed in the supine position, the protocol specified the prone position should be maintained for cardiopulmonary resuscitation in an effort to minimize risk of ventilator circuit disconnect with the associated risk of aerosolization of viral particles \[[@bb0035],[@bb0040]\]. To date during this pandemic, our institution has not had a patient in cardiac arrest while in the prone position.

The daily COVID-19 Prone Team included the MICU CNS and five to six OTs and PTs. During proning, the MICU CNS and four therapists would enter the patient\'s room, and the remaining therapists acted as a scribe and runner and remained outside of the room. A note was placed in the electronic medical record indicating time, safety checklist, positioning of patient, and PaO~2~:FiO~2~ ratio prior to repositioning. A member of the primary ICU treating team was required to be present during repositioning to manage emergencies. All patients who were proned were deeply sedated and receiving neuromuscular blockade during their proning session and during repositioning as previously described \[[@bb0020],[@bb0045]\], and in an effort to minimize risk of virus exposure to the COVID-19 Prone Team via ventilator circuit disconnect or coughing by the patient \[[@bb0050]\].

2.2. Indications for proning {#s0020}
----------------------------

Patients who met criteria for prone positioning by the mobile prone team included those who were invasively mechanically ventilated with ARDS and a PaO~2~:FiO~2~ \< 150 despite standard-of-care management with low-volume, low-pressure ventilation and adequate ventilator synchrony, and required an FiO~2~ ≥ 60% with positive end-expiratory pressure (PEEP) ≥10; the same indications established prior to the COVID-19 pandemic. Contraindications included clinical or physical conditions that precluded safe prone positioning ([Table 3](#t0015){ref-type="table"}). Patients remained prone for 16--24 h per session. This length of time depended on the COVID-19 Prone Team availability. Proning was continued if the PaO~2~:FiO~2~ remained \<150 when supine with FiO~2~ ≥ 60% and PEEP ≥10. Proning was discontinued when the PaO~2~:FiO~2~ was ≥150 with FiO~2~ ≤ 60% and PEEP ≤10 while supine, if a patient did not tolerate positioning as determined by the treating team, or if the treating team declined.

2.3. Data collection and analysis {#s0025}
---------------------------------

Baseline characteristics and clinical measures, including sex, age, height, weight, date of endotracheal intubation, date of prone position initiation, mechanical ventilator settings and Sequential Organ Failure Assessment (SOFA) score at time of prone position initiation were retrospectively collected for all patients treated by the COVID-19 Prone Team from April 2 through April 30, 2020. Further clinical measures and patient outcomes, including number of daily positionings completed, duration of proning, PaO~2~:FiO~2~ during proning, adverse events during proning, patient tolerance of prone positioning, days on mechanical ventilation, tracheostomy, and mortality were collected through May 14, 2020. Continuous variables were expressed as means (+/− Standard Deviation) and medians (Interquartile range). Categorical variables were summarized as counts and percentages. This study was approved by Columbia University Irving Medical Center Institutional Review Board (study number AAAT0603).

3. Results {#s0030}
==========

Between April 2 and April 30, 2020, ninety patients were treated by the COVID-19 Prone Team. Of these ninety patients, thirteen required two unique proning episodes at separate time points during their hospitalization due to recurrent moderate-to-severe ARDS that met criteria for prone positioning. All patients requiring proning during this time were proned by this team, including within the MICUs. During this same period, 314 patients were admitted to our hospital with COVID-19 requiring invasive mechanical ventilation. Baseline characteristics of these patients are shown in [Table 1](#t0005){ref-type="table"} . The majority of patients who required prone positioning were men (73.3%), with a median age of 64 years (range 53--71). There was a high prevalence of comorbid hypertension (55.6%) and diabetes (46.7%). All of the ICUs, including those newly created during the COVID-19 pandemic, had patients treated by the COVID-19 Prone Team.Table 1Baseline characteristics.Table 1Study PopulationN = 90Age, median (IQR)64 (53--71)Sex, n (%) Female24 (26.7) Male66 (73.3)Height, inches, mean ± SD66.1 ± 3.62BMI, median (IQR)29.4 (26.1--33.9)Comorbidities, n (%) Hypertension50 (55.6) Diabetes mellitus42 (46.7)SOFA score on day of first prone session, mean ± SD10.3 ± 2.5ICU location, n (%) Medical15 (16.7) Neurologic12 (13.3) Cardiac13 (14.4) Surgical10 (11.1) Operating Room16 (17.8) Medical/Surgical Floor Converted9 (10) Pediatric6 (6.7) Cardiothoracic7 (7.8) Post-procedural observation units1 (1.1) Emergency Department1 (1.1)Tidal Volume at time of first prone session, cc/kg of predicted body weight, median (IQR)6.0 (5.5--6.26)Median plateau pressure at time of first prone session, cm H~2~0, median (IQR)30 (28--34)PEEP prior to prone session, mean ± SD14 ± 3.96FiO~2~ prior to prone sessions, median (IQR)0.8 (0.7--1.0)PaO~2~:FiO~2~ prior to prone sessions, median (IQR)107 (85--140)Time from intubation to first prone session, days, median (IQR)6 (IQR 2--11)[^2]

The median time between intubation and first prone session was 6 days (IQR 2--11). A total of 244 individual prone positionings were performed by the COVID-19 Prone Team during the study period. Patients were maintained in the prone position for a median of 19 h (IQR 17.5--20.75) per session. Patients required an average of 3 ± 2.2 sessions. The COVID-19 Prone Team completed an average of 15.3 ± 4.5 positionings per daily shift ([Fig. 1](#f0005){ref-type="fig"} ).Fig. 1Number of interventions per day: Daily number of interventions completed by the prone team. Includes placing in both the supine and prone position. X axis represents dates in April 2020.Fig. 1

By the end of the study period, proning was discontinued in sixty-seven (65.1%) cases due to improvement in gas exchange, in twenty (19.4%) cases due to lack of clinical improvement, in six (5.8%) cases for clinical worsening and in ten (9.7%) cases due to the development of a contraindication. Thirty-six patients died and 54 remained alive ([Table 2](#t0010){ref-type="table"} ). Recorded adverse events during prone sessions included peripheral intravenous line dislodgement in one patient, severe periorbital edema in one patient, brachial plexus injury in one patient, facial pressure injury in one patient, pressure injury to the ear in two patients and hypotension and hypoxemia in five patients requiring placement back into the supine position. No patients had a cardiac arrest while in the prone position. Table 2Outcomes.Table 2Reason for Discontinuing Proning, n(%)[a](#tf0005){ref-type="table-fn"}N = 103 prone episodesImprovement in gas exchange67 (65.1)Lack of clinical improvement20 (19.4)Clinical worsening6 (5.8)Developed a contraindication10 (9.7)Outcome at end of study period, n(%)N = 90 unique patientsDead36 (40)Alive54 (60) Extubated11 (20.4) Remains orally intubated at end of study period17 (31.5) Underwent Tracheostomy26 (48.1))[^3]Table 3Potential contraindications to prone positioning.Table 3Significant hemodynamic instabilitySevere acidemiaCerebral perfusion pressure \< 30 mmHgIncreased ICP \>30PregnancyHistory of difficult intubation or nasotracheal intubationDVT treated for \<2 daysFacial surgery or severe facial traumaMassive hemoptysisPelvic fracturesActive intra-abdominal processLVAD, BiVAD, IABP, ECMOInability to tolerate face down positionSerious burn (20% body surface area)Unstable fractureSpinal instabilityRecent sternotomy or major abdominal surgeryRecent tracheostomyLife-threatening cardiac arrhythmia within 24 hBronchopleural fistula[^4]

4. Discussion {#s0035}
=============

The rapid implementation of the mobile COVID-19 Prone Team that travelled to multiple ICUs at our institution during the height of the COVID-19 pandemic, increased the ability to prone patients with moderate-to-severe ARDS. In a 28-day period, 90 patients were proned by this team with 244 individual proning sessions. After implementation of the COVID-19 Prone Team, more patients who met criteria for prone positioning were actually proned, as 12 patients intubated were proned between March 2, 2020 and March 31, 2020 \[[@bb0005]\] compared to 90 during the study period. By utilizing OTs and PTs who were familiar with critical illness and positioning patients, and by developing a careful but efficient training program, the COVID-19 Prone Team was able to safely provide an evidence-based intervention to critically ill patients with ARDS in a variety of ICU settings.

Prone positioning has been shown to have a mortality benefit in patients with moderate-to-severe ARDS, but has been underutilized due to provider under-recognition of ARDS, frequent misunderstanding of its indications, disbelief in quality of evidence, and resource utilization \[[@bb0055]\], which during times of crisis is more pronounced \[[@bb0010],[@bb0060]\]. During the COVID-19 pandemic, the concentration of patients with moderate-to-severe ARDS increased considerably. This increase required rapid expansion of educational efforts on ARDS management. Additionally, as part of a clinical staffing strategy, critical care trained physicians provided clinical oversight across all ICU beds, allowing for relative consistency in the management of these patients with ARDS, as evidenced by the consistent use of a low tidal volume ventilation strategy, and identification of patients who met criteria for prone positioning. From a resource perspective, the staffing of a COVID-19 Prone Team with OTs and PTs available for redeployment during the crisis avoided additional strain on clinical nursing and other bedside clinicians who were already understaffed during this time. The ability to focus the training on a small group of individuals dedicated to proning appeared to enhance efficiency, expertise and safety.

This study has several limitations. While we are able to describe the characteristics of the patients treated, we have limited data to define the overall population of moderate-to-severe ARDS patients in our hospital during the study period. It is unclear what proportion of patients with moderate-to-severe ARDS received this therapy when indicated. Also, with limited data on the incidence of moderate-severe ARDS in our hospital prior to the COVID-19 pandemic, it is unclear if our proning rate changed with this implementation. However, prior to COVID-19, proning was only available to patients in the MICUs therefore limiting this treatment to the capacity of the MICU. Lastly, our outcomes data is limited by the study duration. At the end of the study, forty-five patients were still hospitalized, therefore the outcome of these treated patients is yet to be determined. However, of the fifty-four patients whose hospital survival is yet to be determined, thirty-six (80%) patients had prone therapy stopped due to clinical improvement.

The feasibility and success of the COVID-19 Prone Team has created the possibility of sustaining and even expanding prone positioning capabilities across our hospital network in case of a future crisis. Further education and training can be disseminated to nurses and clinicians working in non-medical ICUs, utilizing some of the training materials and personnel in the COVID-19 Prone Team.

5. Conclusions {#s0040}
==============

During the COVID-19 pandemic, the rapid development and implementation of a mobile prone team allowed for increased capacity to prone patients with moderate-to-severe ARDS in ICUs beyond the MICUs to meet the surge of critically ill patients during the height of the pandemic. This was done effectively and with tolerable adverse outcomes.

Appendix A. Supplementary data {#s0065}
==============================

Supplementary materialImage 1
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[^1]: Denotes co-senior authors.

[^2]: BMI = body mass index; SOFA = sequential organ failure assessment; ICU = intensive care unit; cc/kg = centimeters per kilogram; cm H~2~0 = centimeters of water; PEEP = positive end expiratory pressure; FiO~2~ = fraction of inspired oxygen; PaO~2~ = partial pressure or arterial oxygen.

[^3]: Thirteen patients required 2 unique proning episodes at separate time periods due to recurrent episodes of moderate-to-severe ARDS.

[^4]: ICP = intracranial pressure; DVT = deep vein thrombosis; LVAD = left ventricular assist device; BiVAD = biventricular assist device, IABP = intraaortic balloon pump; ECMO = extracorporeal membrane oxygenation.
